Introduction
There have been a number of observations of low-ozone air masses in the northern midlatitudes that have been traced to transport from the tropical marine boundary layer or lower troposphere. Table 1 gives a summary of a number of such observations, as well as some for which the source region was not identified. Since such data are generally reported during intensive field campaigns or other short-term measurement programs, they cannot be used to develop a climatology of low-ozone events. However, they do help establish that such transport does occur.
In addition, total ozone over central Europe has been studied as a function of weather pattern [Kalvova and Halenka, 1995 The Subsonic Assessment, Ozone and Nitrogen Oxide Experiment (SONEX) mission provided an opportunity to obtain more information regarding the transport of lowozone air from the tropics to northern midlatitudes. The purpose of SONEX was to study the upper troposphere/lower stratosphere in and near the North Atlantic flight corridor to better understand this region of the atmosphere and how civilian air travel might be affecting the atmospheric chemistry [Singh et al., 1999] 
2.
Low-Ozone Air Masses Observed SONEX Oil Low-ozone air masses were observed on four flights during SONEX from October 13 to 23, 1997 (see Table 2 ). The UV DIAL/in sire ozone profiles for October 15 and 20 were similar to that for October 13. The tropopause in the low-ozone region was near 15 kin, and stratospheric air was observed on one or both sides down to 3-4 km, with the 100-ppbv contour dropping to 6 km on October 15 and 9 km on October 20. On October 23, only the latitudinal range 55ø-58øN was sampled, and a 2-km layer of low ozone (22- Several approaches were used to verify that the low-ozone The region of eastern Asia from 35ø-55øN had >40 events/year. In general, the oceans had more events/year than did the continents. The locations of the higher frequencies of tropospheric folding activity generally correspond to the locations of high storm track activity. While there are a number of cases where stratospheric intrusions were associated with WCB transport from the tropics to midlatitudes, the two processes are not necessarily linked. In general, the WCB is associated with a mature midlatitude cyclone or synoptic-scale disturbance. The WCB is situated ahead of a cold front. Stratospheric intrusions are associated with jet strea•, which may or may not be coupled to the midlatitude cyclones.
Summary and conclusion
Low-ozone air masses were found in the upper troposphere of northern midlatitudes between 13. IøW and 91. løW on four flights during the SONEX mission in October 1997. Using a variety of techniques, such as backward trajectory calculations, PV analysis, and concentrations of various species, it was shown that these air masses have origins in the tropical MBL. Convective lofting near the ITCZ may be involved in moving the MBL air to higher altitudes, but evidently is not required. The synoptic-scale weather patterns involving WCB can transport the air mass to midlatitude upper troposphere. Stratospheric intrusions were found to be associated with the WCB transport and appear to be generally coupled to WCB transport in such synopticscale disturbances.
Future work to more firmly establish the climatology of transport from the tropical MBL to northern midlatitudes might involve the use of TOMS daily global total ozone maps, GOES water vapor images and wind fields. In addition, PV contour maps could be used to establish the link with stratospheric intrusions. A preliminary inspection of TOMS images indicates that coupled low/high ozone dipoles in which the low-ozone region moves from the tropics poleward in a northeasterly direction and eventually dissipate are fairly frequent in the September-March period.
